The purpose of this study was to compare three computed tomography (CT) images under different conditions-average intensity projection (AIP), free breathing (FB), mid-ventilation (MidV)-used for radiotherapy contouring and planning in lung cancer patients. Two image sets derived from four-dimensional CT (4DCT) acquisition (AIP and MidV) and three-dimensional CT with FB were generated and used to plan for 29 lung cancer patients. Organs at risk (OARs) were delineated for each image. AIP images were calculated with 3D conformal radiotherapy (3DCRT) and intensitymodulated radiation therapy (IMRT). Planning with the same target coverage was applied to the FB and MidV image sets. Plans with small and large tumors were compared regarding OAR volumes, geometrical center differences in OARs, and dosimetric indices. A gamma index analysis was also performed to compare dose distributions. There were no significant differences (P > 0.05) in OAR volumes, the geometrical center differences, maximum and mean doses of the OARs between both tumor sizes. For 3DCRT, the gamma analysis results indicated an acceptable dose distribution agreement of 95% with 2%/2 mm criteria. Although, the gamma index results show distinct contrast of dose distribution outside the planning target volume (PTV) in IMRT, but within the PTV, it was acceptable. All three images could be used for OAR delineation and dose calculation in lung cancer. AIP image sets seemed to be suitable for dose calculation while patient movement between series acquisition of FB images should be considered when defining target volumes on 4DCT images.
underdosage to tumor and overdosage to normal organs, and significantly diverted the planned and the delivered doses. 4 Several approaches have been developed to manage the effects of respiratory motion during radiation therapy. 5, 6 One of them is a motionencompassing method, which addresses the entire range of tumor motion and adds a margin to the target volumes. For dose calculation in this method, Vinogradskiy et al. 7 and Guckenberger et al. 8 compared three-dimensional (3D) and four-dimensional (4D) dose calculations and revealed minimal dosimetric differences in the gross tumor volume and the internal target volume (ITV). Thus, 3D
dose calculation is still required in radiation therapy. For 3D radiation treatment planning in lung cancer, the ITV was delineated on maximum intensity projection (MIP) images, whereas organ at risk (OAR) contouring and static 3D dose calculation were done with 3DCT images. [9] [10] [11] [12] 3DCT images were also used to define OARs and targets for radiation therapy treatment, but the use of static images of a moving organ remains problematic. 13 A common approach is to acquire helical computed tomography (CT) scans during free breathing (FB). Respiration-induced target motion during acquisition, however, can cause motion artifacts. [14] [15] [16] Several groups have demonstrated that dose calculation on average intensity projection (AIP) images, with each pixel holding the average value of all equivalent pixels in the data set, can yield results comparable to those attained with 4D dose calculation. [17] [18] [19] [20] Others have proposed that mid-ventilation (MidV) CT images represent the tumor in its time-averaged position over the respiratory cycle and can be used for dose calculation. This position is an appropriate representation of the mean geometry and density of the target volumes for respiration-induced anatomical variations. [21] [22] [23] [24] This study was designed to compare three types of CT imaging (AIP, FB, MidV) for contouring and radiation treatment planning for lung cancer using 3D conformal radiation therapy (3DCRT) and intensity-modulated radiation therapy (IMRT). Their differences are compared in terms of the OAR volume, geometrical center of the OARs, dosimetric indices, and dose distribution with regard to tumor size.
| MATERIALS AND METHODS

2.A | Patient selection
A total of 31 patients with various stages of lung cancer were enrolled in this study between January 2012 and December 2013.
Our institutional review board approved the study protocol. Two patients were excluded because of their movement between the FB and 4DCT acquisitions.
2.B | CT scanning for treatment planning
The patients were positioned in an immobilization device with a wing board on the scanner table, in the supine position with arms raised above the head (the treatment position). CT images of the thorax were acquired as normal FB and 4DCT scans using a helical 16- 
2.C | Delineation of the target and OARs
An experienced radiation oncologist generally delineated the planning target volume (PTV) and OARs are created by a geometric expansion based on the setup methods and the institutional guidelines. For each patient, the ITV was defined on the MIP images.
The 10-phase 4DCT was used to verify that the target motion was contained within the ITV during all phases. Each patient's PTV was obtained by adding 5 mm of circumferential expansion from the ITV and then copied to the AIP, FB, and MidV images. For these images, the OARs were delineated according to the guidelines provided by our respective protocols. The OARs used for plan comparisons in this study included the lung, trachea, heart, esophagus, and spinal cord, which are also shown on the images. The lung and trachea (including the main bronchus) were delineated with lung windows. Both lungs were automatically segmented using a threshold algorithm in the treatment planning system. The rest were contoured using mediastinal windows. The spinal cord was defined based on the bony limits of the spinal canal. The heart was delineated along with the pericardial sac starting below the level at which the pulmonary trunk branched into the left and right pulmonary arteries and extending inferiorly to the heart apex. The esophagus was defined from the bottom of the cricoid to the gastroesophageal junction.
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2.D | OAR geometrical center
To identify an OAR's geometrical center, the OAR's volume was first techniques were applied. For 3DCRT planning, four to seven coplanar static 10-MV photon beams were created for each patient using the beam's eye view technique. The beam arrangement was customized for each patient based on tumor location and nearby OARs.
The multileaf collimators (MLCs) were conformed to the PTV with a 0.5-cm margin around the PTV, except in the SI direction, where a 10-mm margin was set. Beam weights and wedge angles were adjusted to provide homogeneous dose distribution and conform to the PTV. Total prescription doses were 50-66 Gy, with 2 Gy per fraction for the dose to be delivered to 95% of the PTV. Plans were manually optimized to meet all tumors and OAR objectives. The dose constraints to the OARs included the mean lung dose (lung minus ITV), which was < 20 Gy. The maximum dose to the spinal cord was < 50 Gy, the mean heart dose was < 35 Gy, and the maximum dose to the esophagus was < 105% of the prescribed dose.
The plans based on AIP images were subsequently used for comparisons with their respective MidV and FB image plans. The beam angle, beam modifier, field size, collimation, and beam weighting used in the AIP image plan were copied to the FB and MidV images, where they were re-calculated. For IMRT planning recalculation, the plans were re-optimized with the same objective and priority from the AIP plans. Re-optimization and dose-volume calculation in IMRT were performed with a sliding window MLC mode using a dosevolume optimization algorithm and an analytical anisotropic algorithm, respectively. Both of these plans were normalized with the same 95% PTV dose coverage as was used for the AIP image plan.
In addition to the PTV, ring structures were created around the target structures to help force the optimization to minimize doses to surrounding OARs. Three control structures were created. The first and second control structures were 1-and 2-cm rings around the PTV. The dose constraints of these structures were defined as < 90% and < 80% of the PTV prescribed dose, respectively. The third control structure was an outer ring that encompassed all tissues beyond the second ring. Only 50% of the PTV dose was assigned to this area. For an OAR that overlapped with the PTV, a virtual structure was created in which 5 mm of the OAR was sub- derived from the AIP image, it was copied and recalculated for the FB and MidV images with the same beam direction, dose constraints, and priorities. These plans were normalized with the same 95% PTV dose coverage as was used for the AIP imaging plan.
2.F | Plan comparison and statistical analyses
The volume of each OAR and the centroid of each OAR's volume were measured and recorded. The impact of target volume size was studied with separation of small and large volume using volume cut-off at 150 cm FB vs MidV). The dose distribution was analyzed to calculate the percentage of pixels passing gamma using a gamma index analysis with 2% dose difference and a 2-mm distance-to-agreement criterion (2%/2 mm). Although, the report of the AAPM Task Group 119 25 reported that the 3%∕3 mm gamma criteria is the most commonly used by clinical IMRT but higher sensitivity was observed with 2%/2 mm than with 3%/3 mm. 26 All the data points with doses < 10% and 70% of the normalized dose were excluded from the gamma analysis for considering the difference of the lowand high-dose regions, respectively. A gamma passing rate of 100%
was considered strong agreement of the plans, and 0% was regarded as total disagreement. 
| RESULTS
In all, 31 lung cancer patients underwent FB and 4DCT simulations.
The patients' PTV information regarding target location, PTV volume, and target motion amplitude in the SI, ML, and AP directions as well as the prescribed dose and number of fractions were recorded. They are shown in Table 1 .
According to the findings, tumors were found in the upper lobes To evaluate the dosimetric differences between the calculated plans from the three types of CT images, the AIP image plan was copied to the FB and MidV images and recalculated using the same beam arrangement and PTV coverage. Figure 1 represents the comparison between the three plans to illustrate the dose distributions for 3DCRT and IMRT.
The volumes for OAR contouring in the remaining 29 patients are shown in Table 2 . There were no significant differences in the OARs, organs at risk; AIP, average intensity projection; FB, free breathing; MidV, mid-ventilation. Table 4 . For 3DCRT, there were no significant differences in the maximum dose of any of the OARs (lung -ITV, trachea, heart, esophagus, spinal cord) among the three plans. For IMRT, there were also no significant differences in the maximum doses for the OARs among the three plans.
The averaged values and standard deviations of the mean doses for the OARs are shown in Table 5 . No significant differences (P > 0.05) were found for the OARs in all image data sets with both 3DCRT and IMRT.
The results of the gamma index analyses in 29 patients are shown in Table 6 . Two-dimensional (2D) dose distributions were calculated on three orthogonal planes at the isosenter. An average gamma passing rate > 98% (2%, 2 mm) was obtained for all investigated scenarios using 3DCRT. For IMRT, the 2D dose distribution agreement had a higher than 90% gamma passing rate. As a result of gamma passing rate with 10% and 70% cut-off levels, high gamma passing rate at 70% has a value more than 10% cut-off level. This indicated that the high-dose region appeared to be in agreement with dose distribution for both 3DCRT and IMRT.
| DISCUSSION
Several studies have focused on 3DCT images for radiation treatment planning on moving targets. In most cases, stereotactic body radiation therapy (SBRT) planning was investigated. Our study compared conventional radiation doses using 3DCRT and IMRT to determine the usefulness of three types of CT imaging for radiation treatment planning. For 3DCRT, there is no change in the radiation beam parameters (beam fluence), unlike when using advanced Results are reported as the average AE SD.
techniques such as IMRT or volumetric modulated arc therapy. For SBRT, however, the PTV volume is smaller than that needed for 3DCRT. In addition, the differences in OARs' dose volumes and dosimetric indices are evaluated using the same plan as for PTV dose coverage.
Our study was similar to that of Han et al., 14 who compared AIP and FB images regarding OAR contouring and radiation treatment (SBRT) planning for 10 lung cancer patients. They found differences in the volumes of lungs -ITV but no significant differences in the rest of the OAR volumes. Tian et al. 13 compared the dosimetric indices during treatment (SBRT) planning calculated using FB, MIP, and AIP images for 20 lung cancer patients. They observed no significant differences in dosimetric indices for PTVs and the lung between the FB and AIP plans. We found limitations in the use of FB images for planning radiation treatment. We demonstrated patient movement between series acquisition using 4DCT and FB imaging to delineate the target dose volume. Two patients were excluded as they moved during the CT simulation process, invalidating the data. When comparing the planning of AIP vs FB and FB vs MidV, the 2%/2 mm average gamma passing rates of the 2D dose distribution were less than 90% on three orthogonal planes at the isocenter. For 3DCRT, the 2D dose distribution using three types of CT imaging in three orthogonal planes at the isocenter location in 29 patients showed good dose distribution agreement between AIP and
MidV plans, with a higher than 98% gamma passing rate. The gamma passing rates were lower when dose distributions of AIP vs FB planning were compared. The difference may be due to the use of different types of CT imaging, which could produce density variations There was also good agreement between dose distributions in PTV from different CT images as shown by the gamma index analysis. There were also no significant differences in the geometrical center of the OARs. Hence, it is likely that all three images could be used for radiation treatment planning for a moving target. Nonetheless, determining the effects of patient movement on FB images is crucial.
T A B L E 6 Gamma passing rate derived from a comparison of the 2D dose distribution according to three types of CT imaging on three orthogonal planes at the isocenter. Results are reported as the average AE SD.
Further study is needed to evaluate the accuracy of dose delivery to patients. As radiation treatment planning represents the actual dose distribution, it is necessary to verify dose distribution in a moving target volume compared with dose distribution in treatment planning.
| CONCLUSION
Radiation treatment planning according to the data sets derived from the three types of CT imaging (AIP, FB, MidV) using conventional 3DCRT and IMRT techniques for lung cancer patients revealed no significant difference in the OAR volumes and the geometric centers of the OARs. Our data also indicated good agreement of the 2D dose distributions for all the three plans, with a higher than 90% average gamma passing rate (2%, 2 mm) for 3DCRT and IMRT. Although the IMRT plan displayed dose differences outside the PTV, doses bordering to the PTV were in closer agreement with the targeted dose distribution. The dosimetric indices (maximum and mean doses) for all three plans, however, showed no significant differences among the OARs and the size of target volume. We also demonstrated that the AIP, FB, and MidV images could be used for OAR contouring and dose calculation. AIP image sets seemed to be suitable for contouring and dose calculation. It is essential to be aware of the variations in patient movement regarding the FB images because they affect delimitation of the target volume on 4DCT images.
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